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(g) A laser power monitor circuit used in a magneto-optical disk device. 



(57) A laser power monitor circuit for monitoring 
the power of a laser used in a magneto- optical 
disk device and other related devices. In order 
to provide marks in the recording medium, a 
write power of the laser is required, and in 
between the marks, the laser is to have a pedes- 
tal power. During recording on the magneto- 
optical disk, recording corrections are perfor- 
med at the start of the pedestal power and write 
power of the laser to provide marks in the 
recording medium which are properly shaped. 
The laser power monitor circuit accurately 
monitors the power of the laser light on a 
recording medium and includes a reverse cor- 
rection circuit to provide reverse correction of 
the recording corrected values among the 
monitored values of laser power to bring the 
laser to the appropriate write power or pedestal 
power. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a laser power 
monitor circuit to monitor the power of a laser used in 
a magneto-optical disk device and other related de- 
vices. 

2. Description of the Related Art 

The thermal properties of a laser beam are gen- 
erally used In the field of magneto-optical recording. 
The recording and playback of a magneto-optical disk 
are performed using a light (laser) beam emitted from 
a laser. The light beam has a diameter of about 1 nm, 
and is irradiated on the vertical magnetization film 
surface (recording surface) of the magneto-optical 
disk. 

Recording on the magneto-optical disk is per- 
formed by a method known as Curie point writing. 
Laser light, intensity modulated according to the infor- 
mation to be recorded, is irradiated onto the magneto- 
optical disk. A spot of light is formed on the portion of 
the magneto-optical disk surface onto which the laser 
light is irradiated. Then, when the temperature of the 
recording film of the magneto-optical disk exceeds 
(becomes high) the Curie point (a temperature fixed 
for the material used in the magneto-optical disk), this 
portion of the recording film becomes nonmagnetic. 
During the heating by laser light, an external magnet- 
ic field is impressed on the magneto-optical disk. 
When the portion which the light spot has irradiated 
moves from the position of the light spot as the mag- 
neto-optical disk rotates, the temperature of this por- 
tion of the recording film falls. At the point in time at 
which the temperature of the recording film falls be- 
low the Curie point temperature, the recording film is 
magnetized in the direction of the impressed external 
magnetic field. In this manner, recording is performed 
by changing the direction of magnetization. 

In the optical recording medium of optical disks 
and magneto-optical disks and the like, tracks used 
to record information are formed in a vortex form or 
as concentric circles. One or many of these tracks are 
formed per revolution. Two kinds of information units, 
corresponding to 0 and 1, are formed on these tracks 
and information is recorded. 

Generally, the magnetization of the tracks of a 
magneto-optical disk is made uniform in one direction 
(for example, upwards) by impressing a strong exter- 
nal magnetic field before recording. After this, marks 
having the reverse direction of magnetization (for ex- 
ample, downwards) are formed on the tracks. Infor- 
mation is represented by these marks, for example, 
by their presence or absence, position of the front end 
(front edge) of the mark, position of the rear end (rear 
edge) of the mark, length of the mark, etc. In particu- 



lar, the method in which the position of the edges of 
the mark represents information is called mark length 
recording. In the past, these marks were called pits or 
bits, but have recently been referred to as marks. 
5 Such marks are formed using heat, as mentioned 

above. Changes in the laser power at this time be- 
come as shown in FIG. 14. The level of the laser pow- 
er when a mark is formed is the write power, Pw, and 
the level of the laser power when a mark is not being 
10 formed is the pedestal power, Pped. 

However, a mark is not formed if the temperature 
of the recording layer fails to exceed the Curie point. 
That is, even if the power level of the laser is the write 
power, if the temperature of the recording film does 
15 not become higher than the Curie point, a mark is not 
formed. Because of this, since the temperature of the 
recording film does not immediately reach the Curie 
point in the front edge portion of the mark, the mark 
is slow to form. The shape of the front edge portion 
20 of the mark becomes narrow and short Moreover, on 
the other hand, in the rear edge portion of the mark, 
because the temperature of the recording film does 
not immediately fall below the Curie point, the shape 
of the mark does not immediately end. Therefore, the 
25 shape of the mark in the rear edge portion becomes 
thick and long. Because of this, the mark cannot be 
formed in the appropriate shape. 

Consequently, by causing the laser power to 
change as in FIG. 15, a recording correction is per- 
30 formed by edge intensity adjustment. In the portion to 
form the front edge of the mark, the laser power is 
made higher than the write power, and in the portion 
to form the rear edge of the mark, the power is made 
lower than the pedestal power. A mark of appropriate 
35 shape is made by proceeding in this manner. At this 
time, the amount of laser power at the time of inten- 
sity adjustment of the front edge of the mark (the 
power of light generated which is greater than the 
write power) is called an overshoot amount, and the 
40 amount of laser power at the time of intensity adjust- 
ment of the rear edge of the mark (the power of light 
generated which is smaller than the pedestal power) 
is called the undershoot amount. The overshoot 
amount and undershoot amount are collectively 
45 termed "recording correction amounts". These re- 
cording correction amounts are fixed as the edge in- 
tensity adjustment amounts 11 and 12, respectively, 
and have a time constant x. 

Moreover, when recording data, the laser power 
so level is controlled, and the laser power is monitored 
so that recording is performed at the appropriate laser 
power. Nevertheless, even when controlling the laser 
power level by monitoring the laser power as men- 
tioned above, when the monitoring of laser power is 
55 performed at the time of performing a recording cor- 
rection, there are problems in accurately controlling 
the power of the laser light. The following occurs as a 
result. 
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When monitoring the power of the laser at the 
time of performing the recording correction of a por- 
tion of the front edge of a mark (namely, before reduc- 
ing the laser power down to the write level), because 
the laser power is higher than the write level, the re- 
sult of performing the control is that the write power 
level of the laser becomes lower than the write power 
Pw. Similarly, when monitoring the laser power at the 
time of performing recording correction of a portion of 
the rear end of a mark, the end result is higher than 
the pedestal power Pped. 

SUMMARY OF THE INVENTION 

The present invention takes into account the 
above-noted problems, and accordingly, it is an object 
of the present invention to provide a laser power mon- 
itor circuit which accurately monitors the power of a 
laser used in a magneto-optical disk device. 

Additional objects and advantages of the inven- 
tion will be set forth in part in the description which fol- 
lows and, in part, will be obvious from the description, 
or may be learned by practice of the invention. 

The present inventors initially considered a laser 
power monitor circuit to accurately control timing of 
the monitoring function. However, the present inven- 
tors became aware that, in this type of laser power 
monitor circuit, the apparatus to accurately control 
timing of the monitoring was complicated and, as a re- 
sult, the circuit became costly. 

Consequently, the present inventors, in the 
course of their diligent research, discovered that ac- 
curate monitoring of the power of laser light is possi- 
ble by arranging, in a laser power monitor circuit, a re- 
verse correction circuit for the negation of the record- 
ing corrected values among the monitor values of las- 
er power. 

Namely, the laser power monitor circuit according 
to a first aspect of the present invention comprises: 

a monitor unit to monitor the power of the light 
and, as a result, generating a monitor signal; 

a setting circuit to set the power of the light at 
distinct predetermined levels; 

a correction circuit to correct and adjust the 
power of the light relative to the distinct predeter- 
mined levels; and 

a reverse correction circuit to reverse correct 
the correction made by the correction circuit based 
upon the monitor signal. 

It is preferable that the frequency characteristic of 
the reverse correction circuit is about equal to the fre- 
quency characteristic of the aforementioned correc- 
tion circuit. 

Further, the laser power monitor circuit according 
to a second aspect of the present invention compris- 
es: 

a photoelectric conversion unit to convert the 
power of the laser into an electrical signal proportion- 



al to the power; 

a setting circuit to set the power of the light at 
distinct predetermined levels; 

a correction circuit to correct and adjust the 
5 power of the light relative to the distinct predeter- 
mined levels; and 

a reverse correction circuit to reverse correct 
the correction made by the correction circuit based 
upon the electrical signal output by said photoelectric 
10 conversion unit 

Preferably, the frequency characteristic of the 
aforementioned reverse correction circuit is about 
equal to the frequency characteristic of the aforemen- 
tioned correction circuit. 
15 Further, the laser power monitor circuit according 

to a third aspect of the present invention comprises: 
a laser drive circuit to drive the laser to produce 
a write power level which forms the mark and a ped- 
estal power level which does not form the mark, and 
20 to drive the laser to produce an overshoot correction 
of the write power level at a front edge of the mark and 
an undershoot correction of the pedestal power level 
at a back edge of the mark; 

a laser control circuit, connected to said laser 
25 drive circuit, to control said laser drive circuit; and 

a laser monitor circuit, connected to the laser 
control circuit, to monitor the power of the laser and 
to provide a reverse overshoot correction of the write 
power and reverse undershoot correction of the ped- 
30 estal power through said laser control and laser drive 
circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 The objects and advantages of the invention will 

become apparent and more readily appreciated from 
the following description of the preferred embodi- 
ments, taken in conjunction with the accompanying 
drawings of which: 
40 FIG. 1 is a circuit diagram showing a laser power 

monitor circuit according to a first embodiment of the 
present invention. 

FIG. 2 is a circuit diagram showing a laser power 
control circuit according to the first embodiment of the 
45 present invention. 

FIG. 3 is a circuit diagram showing a laser drive 
circuit according to the first embodiment of the pres- 
ent invention. 

FIG. 4 is a diagram showing the light generation 
so waveform of a laser using the laser drive circuit shown 
in FIG. 3 without the laser power monitor circuit of 
FIG. 1. 

FIG. 5 is a diagram showing the light generation 
waveform of a laser when laser power control is per- 
55 formed at the time of recording correction without the 
laser monitor circuit of FIG. 1. 

FIG. 6 is a waveform diagram showing laser pow- 
er through the laser power monitor circuit according 



IDOCID: <-FP 



EP 0 652 615 A2 



6 



to the first embodiment of the present invention. 

FIG. 7 is a circuit diagram showing a laser drive 
circuit according to a second embodiment of the pres- 
ent invention. 

FIG. 8 is a circuit diagram showing a laser drive 5 
circuit according to a third embodiment of the present 
invention. 

FIG. 9 is a diagram showing the light generation 
waveform of a laser using the laser drive circuit shown 
in FIG 7. 10 

FIG. 10 is a diagram showing the laser light gen- 
eration waveform when laser power correction is per- 
formed at the time of recording correction using the 
laser drive circuit as shown in FIG. 7. 

FIG. 11 is a waveform diagram showing laser 15 
power through a laser power monitor circuit according 
to a fourth embodiment of the present invention using 
the laser power monitor of FIG. 1 and the laser drive 
circuit of FIG. 7. 

FIG. 12 is a diagram showing the light generation 20 
waveform of a laser using the laser drive circuit of FIG. 
8. 

FIG. 13 is a waveform diagram showing laser 
power through a laser power monitor circuit using the 
laser drive circuit of FIG. 8. 25 

FIG. 14 is a diagram showing the light generation 
waveform of a conventional laser. 

FIG. 15 is a diagram showing the light generation 
waveform of a conventional laser with recording cor- 
rection performed. 30 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to the pres- 35 
ent preferred embodiments of the present invention, 
examples of which are illustrated in the accompany- 
ing drawings, wherein like reference numerals refer to 
like elements throughout. 

A laser used in a magneto-optical disk device is 40 
controlled to output power corresponding to two lev- 
els, the write power and the pedestal power. At this 
time, in order to reliably form marks on the magneto- 
optical disk, corrections are made for the laser output. 
In this manner, the laser power is controlled to two 45 
kinds of power levels, and these power levels are cor- 
rected and output by a laser drive circuit. A laser pow- 
er monitor circuit is used in order to monitor the output 
laser power. This monitoring of laser power is per- 
formed in order to inspect whether or not the write so 
power and the pedestal power have assumed the pre- 
determined values. Accordingly, the detection of the 
changes of the power levels of the corrected portions 
creates the occasion of causing differences to arise 
in the control of the power levels. Consequently, a re- 55 
verse correction is performed which corresponds to 
the correction amount. A laser power monitor circuit 
equipped with a reverse correction circuit in order to 



perform this reverse correction is specifically shown 
in FIG. 1 . Moreover, the laser power monitor circuit in- 
spects whether or not the laser power has become 
the predetermined write power or pedestal power, and 
the differences with respect to the predetermined val- 
ues as the write power control voltage (maximum val- 
ue control voltage) and pedestal power control vol- 
tage (minimum value control voltage) are fed back to 
the laser drive circuit. This feedback, which are the in- 
spected differences determined by the laser power 
monitor circuit, is performed by a laser power control 
circuit. 

FIG. 1 is a circuit diagram of a first embodiment 
of a laser power monitor circuit of the present inven- 
tion. The laser is driven by a laser drive circuit shown 
in FIG. 3 and this laser drive circuit can bring about the 
generation of laser light at a power as shown in FIG. 
4. 

The front edge of a mark at the time of recording 
correction, and the degree of emphasis of the rear 
edge, are represented by the following equation, 
(edge degree of emphasis) = R32/R31, time con- 
stant x - L/R32. 
The edge degree of emphasis is fixed by R32/R31, 
and the time constant x is L/R32. Moreover, the edge 
emphasis amount I is represented by the following 
equation. 

I = R32(Pw - Pped)/R31. 

That is, the recording correction value is decided 
by changing the write power and the pedestal power. 
This control of the write power is performed by a max- 
imum value control voltage, whereas the control of 
the pedestal power is performed by a minimum value 
control voltage. 

In the case of forming a mark on the recording 
medium, setting of the laser power level at the write 
power is performed, with a maximum value control 
voltage as the predetermined voltage value. Between 
the marks, setting of the laser power level to the ped- 
estal power is performed, with a minimum value con- 
trol voltage as the predetermined voltage. The timing 
of the laser light generation during the formation of a 
mark is performed by respective outputs of recording 
signals whose polarity mutually invert, and respective 
differential transistors. The semiconductor laser (LD) 
is driven, with appropriate drive currents and timing, 
at the set write power or pedestal power. 

The operation of the laser drive circuit will be de- 
scribed next. The laser drive circuit, because the sig- 
nal polarities of the inverted recording signal and re- 
cording signal are mutually inverted (namely, when 
one signal is at a high level, the other is at a low level), 
has two kinds of operation. 

Moreover, the input signal may be a two-valued 
signal, and it may not be the case that, as in the pres- 
ent embodiment, the polarities are mutually inverted. 

Firstly, when the inverted recording signal is a 
low level signal, TR31 is OFF, and because at this 
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time the recording signal is a high level signal, TR32 
becomes ON. Because of this, current flows in TR32. 
The value of this current is set by the voltage of the 
maximum value control voltage. The voltage of the 
maximum value control voltage is converted into a 
current by the voltage to current conversion circuit 11 . 
The constant current source 12 is controlled by this 
current The current which flows on the TR32 side is 
controlled by the current flowing in the constant cur- 
rent source 12. The current flowing at this time be- 
tween point "a" and point "c" is I'. Because R32 and 
L are connected in parallel, "a w and M b" are shorted 
when there is a stationary state. That is, there is a vol- 
tage drop of r x R31 between "a" and "c tt . Moreover, 
there is also a voltage drop between the bases and 
emitters of TR33 and TR34. In this manner, by setting 
the potential at point "d", the current flowing in LD is 
set. LD outputs light in proportion to the magnitude of 
this current. The maximum current flowing in LD is 
controlled by the constant current source 14. When 
there is not a stationary state, that is, when L is open 
and has gone from OFF to ON, there is a voltage drop 
of r x (R31 + R32) between "a" and "c". Thus, there 
is a greater voltage drop between points "a" and "c" 
than when stationary, and the potential of point "c" is 
lower than when stationary. Because of this, the light 
generation power of LD can be greater than in the sta- 
tionary state. Then, the circuit returns to the station- 
ary state light output power, with a fixed time constant 
L/R2. 

In the above manner, when the light generation 
power level of the laser goes from the pedestal power 
to the write power, the LD initially goes to a greater 
light generation power level than the stationary state 
(write power), and can afterwards go to a light gener- 
ation power level smaller than this light generation 
power level. 

Next, when a high level signal has been input into 
the inverted recording signal, TR31 becomes ON. Be- 
cause the recording signal is a low level signal, TR32 
becomes OFF. In a stationary state, because TR32 is 
OFF, no current flows between points "a" and "c", and 
the potential of the base of TR33 becomes the value 
of the minimum value control voltage. Moreover, 
there is a voltage drop between the bases and emit- 
ters of TR33 and TR34. The potential at point "d" is set 
in this manner, and the current flowing in LD is set. LD 
generates light in proportion to the magnitude of this 
current The maximum current flowing in LD is con- 
trolled by the constant current source 14. When there 
is not a stationary state, that is, when the TR31 goes 
from OFF to ON, and TR32 goes from ON to OFF, 
there is a voltage drop of I' x (R31 + R32) between "a" 
and "c". Because the potential at the base of TR33 be- 
comes a high potential in comparison with the poten- 
tial when there is a stationary state, the light genera- 
tion power of LD can be made small. Then, the poten- 
tial at the base of TR33 approaches the potential of 



the stationary state of the pedestal power. At this 
time, the time constant is L/R2. In this manner, when 
the power level of the laser goes from the write level 
to the pedestal level, after the light generation power 
5 level has been made smaller than the pedestal power, 
it can go to light generation greater than this light gen- 
eration power level. 

The operation of the laser power control circuit 
shown in FIG. 2 will be described next. In FIG. 2, in 
10 order to control the write power at a set value, the fol- 
lowing operations are performed. The difference is 
detected of the power monitor signal voltage from the 
laser power monitor circuit of FIG. 1 to detect the pow- 
er level when the laser is generating light, and the 
15 write power setting voltage. The value of this differ- 
ence is sampled and held by a sample and hold circuit 
using a predetermined write power sample timing sig- 
nal. The held difference voltage value, via a loop filter 
circuit, is output as a write power control voltage 
20 (maximum value control voltage) to the laser drive cir- 
cuit (the circuit shown in FIG. 3). In addition to this, 
closed loop control is performed, and the write power 
setting voltage, or the light amount of the write power, 
is adjusted to a predetermined value. 
25 Because the pedestal power is controlled to a set 

value, as a way to detect the power level when the las- 
er is generating light, the difference between the 
power monitor signal voltage from the laser power 
monitor circuit, and the pedestal set voltage, is detect- 
30 ed. The value of this difference is sampled and held, 
at a predetermined pedestal power sample timing sig- 
nal, in the sample and hold circuit The held differ- 
ence voltage value is output, via a loop filter circuit, 
to the laser drive circuit (the circuit shown in FIG. 3) 
35 as a pedestal power control voltage (minimum value 
control voltage). In addition to this, closed loop con- 
trol is performed, and the pedestal power setting vol- 
tage or the light amount of the pedestal power is ad- 
justed to a predetermined value. 
40 In the case that difference detection is performed 

at the predetermined timing by the laser power con- 
trol circuit, the waveform of laser light generation at 
the time of recording correction becomes as shown in 
FIG. 5. The write power, which generates an amount 
45 of light, in comparison with the set value Pw, is small- 
er by the exact amount of the recording correction 
amount. The pedestal power, which generates a sec- 
ond amount of light, in comparison with the set value 
Pped, is larger by the exact amount of the recording 
so correction amount As a result, the correct setting of 
the overshoot and undershoot amounts of the respec- 
tive front and rear edges of the mark is not performed, 
and thus the recording correction amount cannot be 
correctly set. 

55 Consequently, the laser power monitor circuit 

shown in FIG. 1 is used. As shown in FIG. 6, the re- 
verse corrected laser power can be monitored by the 
use of this kind of laser power monitor circuit. Thelas- 

5 
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er power monitor circuit, with a circuit added to per- 
form the reverse correction corresponding to the re- 
spective amounts of overshoot and undershoot of the 
front edge and rear edge of the mark at the time of re- 
cording correction, will be described. In FIG. 6, the 5 
portions represented by broken lines show the light 
generation waveform of the laser at the time of re- 
cording correction. When the voltage waveform is in- 
put into the laser power monitor circuit with an added 
reverse correction circuit, in the waveform of the brok- 10 
en lines, the characteristic represented by the single- 
dot chain line is added. The resulting output waveform 
becomes the waveform represented by the full line in 
FIG. 6. 

FIG. 1 is a circuit diagram of the power monitor 15 
circuit with the reverse correction circuit as described 
in the preceding paragraph. In FIG. 1, when laser light 
is input to a PIN photodiode PD, a current proportional 
to the amount of this light is generated by the PIN pho- 
todiode PD, and current to voltage conversion is per- 20 
formed in AMP1. The output voltage from AMP1 is in- 
put to the reverse correction circuit which includes 
AMP2. It is then output, corrected to the voltage wa- 
veform shown by the full lines in FIG. 6, as a power 
monitor signal. 25 

Here the frequency characteristics of the record- 
ing correction circuit shown in FIG. 3 are given by the 
following equations. 

f1a = (R31 x R32) / (R31 + R32) / L, 

f2a = R32/L. 30 
The frequency characteristics of the reverse re- 
cording correction circuit of FIG. 1 are given by the fol- 
lowing equations. 

fib = 1 /R4xC1, 
f2b = (R3 + R4) / (R3 x R4) x C1 . 35 
The constants of the above equations are set 
such that the frequency characteristic of the reverse 
correction circuit and the frequency characteristic of 
the recording correction circuit are approximately 
equal (namely, such that f 1a = f 1 b and also f2a = f2b). 40 

The laser power monitor circuit shown in FIG. 1 
can use the laser drive circuit shown in FIG. 7. 

FIG. 7 is a circuit diagram of a laser drive circuit 
according to a second embodiment of the present in- 
vention. 45 

This laser drive circuit drives the laser such that 
the laser generates light according to the waveform 
shown in FIG. 9. 

In the case of forming a mark in a recording me- 
dium, the laser power level is set to the write power so 
Pw, and is set to the pedestal power Pped between 
marks. The laser power Pw > Pped. The recording 
correction affects emphasis of the respective front 
edge and rear edge of the mark. In this case, the laser 
power level of the front edge is greater than the write 55 
power, and the laser power level of the rear edge is 
smaller than the pedestal power. The amounts of em- 
phasis I of each edge are coequal, and the degree of 
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emphasis is represented by the following equation. 
Edge degree of emphasis = I / (Pw - Pped). 
Moreover, taking the edge emphasis time as t, t 
is shorter than the light generation time at Pw or 
Pped. Taking the light generation time at the write 
power as T, t = T / 4. 

The laser drive circuit added to the recording cor- 
rection circuit is constituted as follows. 

The current source l t controls the laser power 
level for the write operation, and the current source l 3 
controls the laser power level for the pedestal power. 
Then, l 2 is a laser drive current source corresponding 
to the respective emphasis amount I of the front edge 
and rear edge (See FIG. 9). 

The degree of emphasis of the front edge and 
rear edge of the mark at the time of recording correc- 
tion, with respective currents i1, i2, and i3 flowing in 
the current sources l 1f l 2 and l 3 , is represented by the 
following equation. 

Edge degree of emphasis = i2 / (i1 - i3). 
That is, the edge emphasis amount I when the 
laser power level changes from the pedestal power 
level to the write power level is controlled by the cur- 
rent source l 2 . The edge emphasis amount I when the 
laser power level changes from the write power level 
to the pedestal power level is also controlled by the 
current source l 2 . 

Signals are output by Amp77, corresponding to 
the difference of the laser drive current appropriate 
for the write level and the laser drive current appro- 
priate for the pedestal level. The laser drive current 
source l 2 is controlled by this difference signal. The 
emphasis amount I is controlled due to control of the 
laser drive current source l 2 . 

The control of the emphasis time t (see FIG. 9) is 
performed by inputs to the integrated circuits IC1 and 
IC2 which control the output timing of write power tim- 
ing changeover signals and pedestal power signals. 
The operation of the laser drive circuit of FIG. 7 will 
be described next. 

When the laser power level changes from the 
pedestal power to the write power, the recording data 
signal (-) (inverted recording signal) changes from a 
high level signal to a low level signal, and the record- 
ing data signal (+) (recording signal) changes from a 
low level signal to a high level signal. Then, TR72 
goes ON, and a current il is caused to flow to the sem- 
iconductor laser LD by the current source l 1a More- 
over, at the same time, the write power changeover 
signal also goes to a high level. Then, because a high 
level signal is input to IC1 , a signal which is also a high 
level signal is output from IC1 to TR74. Accordingly, 
TR74 goes ON, and a current i2 is caused to flow in 
LD by the current source l 2 . 

The write power changeover signal becomes a 
low power signal when the time exceeds T/4. Then, 
TR74 goes OFF, and the current flowing in LD be- 
comes only i1. When the laser power level changes 
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from the write power level to the pedestal power level, 
the recording data signal (+) changes from a high lev- 
el signal to a low level signal, and the recording data 
signal (-) changes from a low level signal to a high lev- 
el signal. Because of this, TR72 goes OFF, and TR76 
goes ON. Due to TR76 going ON, a current i3 is 
caused by current source 13 to flow in LD. However, 
the pedestal power changeover signal also consists 
of a high level signal, and is input to IC2. Because of 
this, a high level signal is input to SW1 from IC2. SW1 
is a switch which goes ON only when a high level sig- 
nal has been output. The current flowing from the cur- 
rent source l 3 is controlled by Amp78. At this time, a 
current (i3 - i2) flows in the current source l 3 . Acurrent 
(i3 - i2) then flows in LD. Furthermore, when time T/4 
is exceeded, the pedestal power changeover signal 
changes from a high level signal to a low level signal, 
and SW1 goes OFF. Accordingly, a current i3 flows in 
LD. 

Moreover, in the case of forming a mark in a re- 
cording medium, control to set the laser power at the 
write power is performed by a write power control vol- 
tage as a predetermined voltage value. The control to 
set the laser power at the pedestal power between 
marks is performed by a pedestal power control vol- 
tage as a second predetermined voltage value. The 
semiconductor laser LD is driven with a current and 
timing corresponding to the write power control vol- 
tage or pedestal power control voltage which has 
been set 

This kind of control of laser power uses a laser 
power control circuit as shown in FIG. 2. 

By employing the above-noted control of laser 
power, in the case that difference detection is per- 
formed between the emphasis times t shown in FIG. 
9, the laser light generation waveform becomes as 
shown in FIG. 10. The write power, in comparison with 
a set value Pw, which generates an amount of light, 
is smaller by just the recording correction amount, 
and the pedestal power, in comparison with a set val- 
ue Pped, which generates a second amount of light, 
is greater by just the recording correction amount. In 
this manner, accurate control of the laser power is not 
possible. As a result, accurate setting of the respec- 
tive overshoot and undershoot amounts of the front 
and rear edge of the mark is not performed, and it be- 
comes impossible to correctly set the recording cor- 
rection amount. Therefore, it is preferable to perform 
difference detection of the pedestal power and write 
power in and after the emphasis time t 

Consequently, the laser power monitor circuit 
shown in FIG. 1 is used. By using this kind of laser 
power monitor circuit, as shown by the thick lines in 
FIG. 11, it is possible to monitor a f lat waveform of las- 
er power. 

The portion represented by the full line in FIG. 11 
shows the light generation waveform of the laser dur- 
ing the recording correction time. When the waveform 



is input into a laser power monitor circuit with an add- 
ed reverse correction circuit, the characteristic repre- 
sented by the single dot chain lines is added. The out- 
put waveform obtained as a result becomes the wa- 

5 veform represented by the thick line of FIG. 11. 

In FIG. 1 , when the laser light is input into the PIN 
photodiode PD, current is generated by the PIN pho- 
todiode PD proportional to the amount of emitted las- 
er light This current is converted from current to vol- 

10 tage by AMP1 . Due to the bandwidth limits of the cir- 
cuit (including the PD), the waveform of the output 
signal from AMP1 becomes a waveform shown by the 
broken lines in FIG. 11 . Next, the waveform of the out- 
put signal from AMP1 , corrected in the added reverse 

15 correction circuit AMP2 to the voltage waveform 
shown by the thick line of FIG. 1 1 , is output as a power 
monitor signal. 

The frequency characteristic of the reverse cor- 
rection circuit shown in FIG. 1 and the frequency 

20 characteristic of the above-noted current to voltage 
conversion circuit (including PD) may be about equal 
to the combined characteristic. In the present em- 
bodiment, the frequency characteristic of the reverse 
correction circuit is set by the constants in the follow- 

25 ing equations. 

fib = 1 / R4xC1, 
f2b = (R3 + R4)/(R3xR4)xC1. 
Then, a frequency characteristic of the reverse 
correction such as the waveform of the dotted lines 
30 in FIG. 11 is obtained. 

Further, the laser drive circuit of FIG. 8 may also 
be substituted for the laser drive circuit of FIG. 7, and 
using a laser power monitor circuit similar to that 
shown in FIG. 1, laser power can be accurately moni- 
35 tored. Because of this, even in a digital laser wave- 
form, by using the bandwidth limits of the PD and the 
current to voltage conversion circuit, it is possible to 
secure reverse correction. 

Moreover, in the case of performing recording 
40 correction by the laser light generation waveform 
shown in FIG. 1 2, and by shaping the waveform of the 
laser power monitor as shown in FIG. 13, it is similarly 
possible to perform accurate control of the laser. 
Moreover, it is possible to perform reverse cor- 
45 rection by combining the waveform characteristics, 
using other laser drive circuits in a similar manner, 
and it is possible to accurately monitor the laser pow- 
er. 

In the above manner, by using the laser power 
50 monitor circuit, shaping of the laser power monitor wa- 
veform is possible in the reverse correction circuit. 
Because of this, the pedestal power level and the 
write power level can be detected regardless of the re- 
cording correction amount. Due to this, a recording 
55 correction operation is possible without reducing the 
laser power control accuracy during recording. 

Moreover, by using the laser power monitor cir- 
cuit, the detection of the pedestal power level and the 
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respective frequency characteristics which are 
substantially equal to each other. 

6. The circuit as claimed in claim 4, wherein said 
5 correction and reverse correction circuits have 

respective frequency characteristics which are 
substantially equal to each other. 

7. A circuit for monitoring power of a laser used to 
10 make a mark in an optical disk, said circuit com- 
prising: 

a laser drive circuit to drive the laser to pro- 
duce a write power level which forms the mark 
and a pedestal power level which does not form 
15 the mark, and to drive the laser to produce an 

overshoot correction of the write power level at a 
front edge of the mark and an undershoot correc- 
tion of the pedestal power level at a back edge of 
the mark; 

20 a laser control circuit, connected to said 

laser drive circuit, to control said laser drive cir- 
cuit; and 

a laser monitor circuit, connected to the 
laser control circuit, to monitor the power of the 
25 laser and to provide a reverse overshoot correc- 

tion of the write power and reverse undershoot 
correction of the pedestal power through said las- 
er control and laser drive circuits. 

30 8. The circuit as claimed in claim 7, wherein said 
laser monitor circuit comprises: 

a photoelectric conversion unit to convert 
the power of the laser to an electrical signal pro- 
portional to the power; 
35 a current to voltage converter to convert 

the electrical signal to a voltage; and 

a reverse correction circuit to generate a 
power monitor signal in dependence upon the 
voltage, and to supply the power monitor signal to 
40 said laser control circuit, thereby providing the re- 

verse overshoot correction and the reverse un- 
dershoot correction. 



write power level is accurately performed regardless 
of the recording correction amount. Accordingly, the 
timing detected in the control circuit becomes good 
even if, for example, the time precision of the sample 
and hold timing is poor. The effect of this is that the 
circuit becomes inexpensive. 

Although a few preferred embodiments of the 
present invention have been shown or described, it 
would be appreciated by those skilled in the art that 
changes may be made in these embodiments without 
departing from the principles and spirit of the inven- 
tion, the scope of which is defined in the claims and 
their equivalents. 



Claims 

1. A circuit for monitoring power of light emitted from 
a laser, said circuit comprising: 

a monitor unit to monitor the power of the 
light and, as a result, generating a monitor signal; 

a setting circuit to set the power of the light 
at distinct predetermined levels; 

a correction circuit to correct and adjust 
the power of the light relative to the distinct pre- 
determined levels; and 

a reverse correction circuit to reverse cor- 
rect the correction made by the correction circuit 
based upon the monitor signal. 

2. The circuit as claimed in claim 1, wherein said 
correction and reverse correction circuits have 
respective frequency characteristics which are 
substantially equal to each other. 

3. A circuitfor monitoring power of light emitted from 
a laser, said circuit comprising: 

a photoelectric conversion unit to convert 
the power of the laser into an electrical signal pro- 
portional to the power; 

a setting circuit to set the power of the light 
at distinct predetermined levels; 

a correction circuit to correct and adjust 
the power of the light relative to the distinct pre- 
determined levels; and 

a reverse correction circuit to reverse cor- 
rect the correction made by the correction circuit 
based upon the electrical signal output by said 
photoelectric conversion unit 

50 

4. The circuit as claimed in claim 3, wherein said 
setting circuit comprises a current to voltage con- 
version circuit to convert the electrical signal 
from said photoelectric conversion unit to corre- 
sponding voltages. 55 

5. The circuit as claimed in claim 3, wherein said 
correction and reverse correction circuits have 



9. The circuit as claimed in claim 8, wherein each of 
said current to voltage converter and said reverse 
correction circuits comprise an operational am- 
plifier. 

10. The circuit as claimed in claim 8, wherein said 
laser control circuit comprises: 

a difference circuit to determine a voltage 
difference between the power monitor signal and 
one of a write power setting voltage and a ped- 
estal power setting voltage, to generate a differ- 
ence signal; 

a sample and hold circuit to sample and 
hold the difference signal using a predetermined 
power sample timing signal; and 
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a loop filter circuit to receive said held dif- mined drive correction signal to at least one of the 

ference signal and, in response, generating and drive signals, the method comprising providing a 

supplying a corresponding one of a write power monitor signal representative of the laser output 

control voltage and a pedestal power control vol- power and applying thereto a predetermined 

tage to said laser drive circuit. 5 monitor correction signal to compensate for the 

effect of the drive correction signal. 

11. The circuit as claimed in claim 10, wherein said 
laser drive circuit comprises: 

an inductor and first resistor connected in 
parallel with respective first ends connected to 10 
each other and respective second ends connect- 
ed to each other, said first ends receiving the ped- 
estal power control voltage from said loop filter 
circuit; 

a second resistor having a first end con- 15 
nected to the second ends of said inductor and 
first resistor, and a second end; 

a transistor having a collector connected 
to said second end of said second resistor and an 
emitter; and 20 

a constant current source controlled by the 
write power control voltage from said loop filter 
circuit and connected to the emitter of the first 

transistor; :> 

wherein a node at the collector of the tran- 25 
sistor has a potential proportional to a driving po- 
tential of the laser. 

12. The circuit as claimed in claim 10, wherein said 
laser drive circuit comprises: 30 

a voltage to current converter to convert 
the write power control voltage and pedestal pow- 
er control voltage to corresponding currents; 

a second difference circuit to determine a 
difference between the two corresponding cur- 35 
rents, to generate a first current signal; 

a switch to alternately enable transmis- 
sion of the first current signal in dependence 
upon a pedestal power changeover signal; 

a third difference circuit connected to said 40 
switch and the voltage to current converter to de- 
termine a difference between the first current 
signal and the current corresponding to the ped- 
estal power control voltage, to generate a second 
current signal; and 45 

a first constant current source controlled 
by the current corresponding to the write power 
control voltage, a second constant current source 
controlled by the first current signal, and a third 
constant current source controlled by the second so 
current signal, said first through third constant 
current sources controlling a total amount of cur- 
rent supplied to the laser. 

1 3. A method of monitoring the output power of a las- 55 
er driven to operate at a plurality of discrete levels 

by a drive circuit which generates a drive signal 
for each drive level and then applies a predeter- 
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(57) A laser power monitor circuit for monitoring 
the power of a laser used in a magneto- optical 
disk device and other related devices. In order 
to provide marks in the recording medium, a 
write power of the laser is required, and in 
between the marks, the laser is to have a pedes- 
tal power. During recording on the magneto- 
optical disk, recording corrections are perfor- 
med at the start of the pedestal power and write 
power of the laser to provide marks in the 
recording medium which are properly shaped. 
The laser power monitor circuit accurately 
monitors the power of the laser light on a 
recording medium and includes a reverse cor- 
rection circuit to provide reverse correction of 
the recording corrected values among the 
monitored values of laser power to bring the 
laser to the appropriate write power or pedestal 
power. 
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